and temperature were 9.5 and 85°C, respectively, and the half-denaturation time at 90°C was 38 min.
10) and ω-amino acid aminotransferases (11, 12). One drawback of most of these strategies is that they 64 require auxiliary compounds and involve multistep transformations. In addition, in synthesis methods NAD(P)H recycling system. The product yield might also be enhanced by increasing the concentration 71 of NAD(P)H with an NAD(P)H regeneration system. However, despite these advantages, the 72 applications for amino acid dehydrogenases have been limited to the production of α-amino acids. 73 2,4-DAPDH may expand the application range of amino acid dehydrogenases for the production of 74 other chiral amine compounds, because 2,4-DAPDH should catalyze the amination of the carbonyl 75 group at the γ position. bacterium, Fervidobacterium nodosum Rt17-B1. This is the first report of a thermophilic 2,4-DAPDH.
83
The role of this enzyme in the oxidative ornithine degradation pathway is also discussed. To obtain the enzyme, which is comprised of two subunits, KamD and KamE, the genes coding for 155 these subunits were amplified from Thermoanaerobacter tengcongensis genomic DNA by PCR using 
Optimal pH and thermostability

243
To determine the optimal pH for 2,4-DAPDH, the activity of the enzyme was measured at 244 55°C using 2,4-DAP as a substrate at pH 5.0-10. It showed maximum activity at pH 9.5 and high 245 activity (>70% of maximum activity) at alkaline pHs in the range of 9.0-10.0 (Fig. 2) . Enzymatic 246 activity was routinely determined at pH 8.5 (HEPES-NaOH buffer) in this study because NAD + is 247 unstable at pH 9.0-10.0.
248
To determine the effect of temperature on enzyme activity, reactions were conducted using 249 2,4-DAP as a substrate in 50 mM HEPES-NaOH buffer (pH 8.5) over a temperature range of 250 5°C-95°C. The enzyme showed maximum activity at 85°C (Fig. 3) . To test the thermostability of 251 2,4-DAPDH, the enzyme was incubated at 90°C and 100°C, and the residual activity was assayed. The 252 half-life of the enzyme was estimated to be 38 min at 90°C and 2 min at 100°C (data not shown). value and K m value were calculated as 0.9 mM and 0.2 mM, respectively (Table 2 ). In contrast, the 288 enzyme displayed typical Michaelis-Menten kinetics when 2,5-DAH (0-10 mM) was used as the 289 substrate (Fig. 5) . The kinetic parameters for these substrates are summarized in Table 2 . 
Regulation of 2,4-DAPDH
292
We examined whether the activity of 2,4-DAPDH is affected by D-ornithine and D-alanine,
293
which occur as metabolites in the oxidative ornithine degradation pathway (Fig. 1) . Enzyme activity catalytic activity. This 2,4-DAPDH is noteworthy because it has a high optimal temperature and is 315 thermostable. The optimal temperature for this enzyme in 2,4-DAP oxidation was 85°C. Therefore, the 316 enzyme is an NAD(P) + -dependent thermophilic alkaline amino acid dehydrogenase.
317
We found that besides 2,4-DAP, 2,5-DAH can also serve as the substrate for 2,4-DAPDH 318 (Table 2) . 2,5-DAH may be produced from D-lysine by lysine-5,6-aminomutase (14), raising the 319 possibility that 2,4-DAPDH also participates in lysine degradation (Fig. 1) . However, the k cat /K m value 320 of 2,4-DAPDH for 2,5-DAH is much lower than that for 2,4-DAP, implying that 2,5-DAH is not a 321 physiological substrate of 2,4-DAPDH. The validity of this interpretation should be verified in future 322 in vivo studies.
323
In this study, we found notable regulatory properties of 2,4-DAPDH, including 
